ABSTRACT
Introduction
Hypertensive disorders represent the most common medical complications of pregnancy, with a reported incidence up to 10% of all gestations 1 . These disorders are a major cause of maternal and perinatal mortality and morbidity worldwide 2 . The term hypertension in pregnancy is commonly used to describe a wide spectrum of patients who may have only mild elevations in blood pressure or severe hypertension with dysfunctions of various organs. The hypertensive disorders may be caused by pregnancy (preeclampsia) or in result from different underlying factors such as chronic hypertension and renal disease 3 It is estimated that 3% of pregnant women in the United States have chronic hypertension 4 . Chronic hypertension in pregnancy is associated with increased adverse maternal and fetal outcomes including superimposed preeclampsia, perinatal mortality, abrupt placentae, low birth weight, and intrauterine growth restriction (IUGR) 5 . It is estimated that about 10% to 25% of pregnant women with preexisting hypertension develop superimposed preeclampsia 6 .
The adoption of healthy lifestyles is critical for the prevention of high blood pressure (BP) and also it is an indispensable factor of the management of those with hypertension. Major lifestyle modifications shown to lower BP include physical activity.
Also, regular and supervised physical activity decreases the BP of individuals with prehypertension and also stage 1 hypertension 7 .
Literature shows that continuing regular, sustained exercise during pregnancy does not impair fetal well-being and provides multiple maternal benefits 8 . However, there were no reliable data about the condition of chronic hypertension during pregnancy. Guidelines suggest that women with complicated pregnancies should be discouraged from participating in exercise activities for fear of impacting the underlying disorder or maternal or fetal outcomes, for example, hypertensive pregnancy disorders 9 . The traditional medical advice has been for exercising women to reduce their habitual levels of effort in pregnancy and for non-exercising women to abstain from initiating strenuous exercise programs. This information was based on concerns that exercise could affect early and late pregnancy outcomes. However, there are promising reports of different experimental models used for research [10] [11] [12] [13] .
The exercise-related maternal and fetal outcomes were already studied from normal pregnancies, usually involving athletes 13, 14 , or studies comparing sedentary with physically active women during pregnancy 15 , or also comparing the physical effort in work environment and recreational activity [16] [17] [18] . There are no clear data about the association among pregnancy, chronic hypertension, and exercise; so that an experimental animal model becomes an important resource for evaluation of this issue. The most common experimental model of chronic hypertension is a strain of spontaneously hypertensive rats (SHR) 19 . Therefore, the present study aimed at evaluating an exercise (swimming) effect during pregnancy on spontaneously hypertensive rats and on their offspring.
Methods
The local Committee of Ethics in Animal Experimentation approved all experimental procedures of this study in accordance with the principles of the Guide for Care and Use of Experimental Animals.
Nine-week-old male and female SHR rats, weighing approximately 180g and 220g were kept in collective cages in controlled conditions of temperature of (22 ± 3ºC), light (12h light/dark cycle) and relative humidity (60 ± 5%). The animals were fed with laboratory chow and tap water ad libitum. All female rats were mated overnight with SHR male rats. The day when sperm was found in the vaginal smear was designated gestational day 0. The mating procedure consisted of 15 consecutive days, a period comprising approximately three estral cycles, until a replicate number of groups were obtained. However, during this period, unmated female rats were considered to be infertile and were discarded from the study 20 . Thirty three pregnant SHR were randomly distributed into three experimental groups (n=11 animals/group): SHR Control=non-exercised female SHR rats (sedentary); SHR Ex0=female SHR rats exercised from day zero to day 20 of pregnancy; and SHR Ex7=female SHR rats exercised from day 7 to 20 of pregnancy. The swimming program consisted of exercise model as described by Volpato et al. 21 To familiarize the rats with the swimming system (water), they were daily exposed for 15min for five days in a cage (100cm long, 70cm wide, and 60cm high) containing water at a depth of 10cm at 32ºC. This period corresponded to the mating period. Pregnant rats that remained in this condition were classified as sedentary.
Subsequently, the female rats familiarized with the swimming system were placed in a cage containing water at a depth of 40cm
deep. Exercise on the first day under these conditions lasted about 20min, with progressive increases of 10min each day until the duration reached 60min. The rats were trained to swim for 1h daily until the end of pregnancy period. Swimming was always performed at a water temperature of 32ºC between 9 a.m. and 10 a.m. for six days a week.
The systolic blood pressure was measured indirectly without anesthesia, always in the morning, on days 0, 7, 14 and 20 of the pregnancy period. The systolic pressures in the tail of the female rats were measured by use of a caudal plethysmograph with a polygraph (Byo-Sistem PE 300, NARCO), a sensor placed in the proximal region of the tail, along with an electrosphygmomanometer, to enable the recording of tail pressure. The animals were warmed at 37ºC for 4 minutes and then transferred to an iron retainer, where the tail was exposed. In the proximal region of the tail, a sensor (KSM-microfone) was placed and coupled to the plethysmograph. Blood pressure was recorded on paper with the polygraph at a 2.5-mm/s velocity 22 . A value superior to 150 mmHg was considered the inclusion criterion for hypertension by mean of three consecutive measurements 23 . Body weight and food intake were weekly measured during whole pregnancy, at about in 9 a.m.
At day 21 of pregnancy, fed rats were anesthetized with sodium thiopental. Following trichotomy of the abdominal region, the animal was placed in dorsal decubitus, and its libs were fixed to the surgery table. The laparotomy procedure was carried out by an incision in the medium line beginning in the xiphoid cartilage and ending in the pubis. The intestinal loops were moved cranially for uterus exposure. The hysterectomy was carried out by ligament, artery and ovarian vein section and incision of the body uterine above the cervix. Afterward, the uterus and his content were weighed using analytical scale.
Incisions were performed in the whole extension of the uterine horns, on their free margin and on the most avascular area.
The fetus, amniotic sac and placenta were removed by slight traction. The umbilical cord was clamped by using Halsteadtype hemostatic clamps. The rate of embryonic loss before and after implantation was calculated 24 . If there was a lack of visible implantation sites, the uterine corns were stained with a preparation of 10% ammonium sulfate 25 . The fetuses were weighed and the mean birth weight of the SHR Control pups was 3.8 ± 0.5g. Newborns in the experimental groups whose birth weights did not diverge more than ± 1.0 standard deviation (SD) from the G1 mean (i.e., those that presented body weight from 3.3 to 4.3g) were classified as appropriate for pregnancy age (APA). Those whose weights were at least 1.0 SD greater than the G1 mean birth weight were classified as large for pregnancy age (LPA). Those whose birth weights were at least 1.0 SD lower than the G1 mean birth weight were classified as small for pregnancy age (SPA) 26 .
Analysis of variance (ANOVA) followed by Tukey's multiple comparison test was used to analyze mean values.
The percentage values were calculated by Fisher's exact test.
Differences were considered statistically significant when p<0.05. 
Results

Maternal blood pressure during pregnancy
Maternal body weight and food intake
Body weight values are shown in Figure 2 . The rats from groups SHR Control and SHR Ex0 gained weight as a function of advancing pregnancy; and SHR Ex7 group presented increased body weight at days 14 and 21. Moreover, the total food intake (FI) did not differ among experimental groups. The ratio between food intake and weight gain (WG), percentage of weight gain and growth velocity also showed no statistically significant differences among experimental groups (Table 1) .
FIGURE 2 -Mean ± standard deviation of maternal body weight (g) of spontaneously hypertensive rats (SHR) according to experimental group.
Maternal reproductive outcomes
The reproductive outcome data are shown in Table 2 .
The experimental groups did not differ significantly in the number of corpora lutea, implantations, live and dead fetuses, fetal and placental weight. The pre-implantation loss percentages of SHR Ex0 (28.02%) and SHR Ex7 (32.16%) were significantly higher compared to SHR Control (16.82%); whereas the post-implantation loss rate was lower in SHR Ex0 (3.33%) as compared with SHR Control (15.45%) and SHR Ex7 (12.81%). The percentage of fetuses classified as small for gestational age (SPA) was significantly higher in SHR Ex7 in relation to other experimental groups.
Discussion
The interaction between the stress exposure caused by physical exercise in pregnant woman can lead to conflicts among the physiological needs from pregnancy, exerting its negative effects.
However, the literature presents the issue of exercise and pregnancy that has shown inexistent or favorable effects on both the mother and the fetus physiological factors. The benefits of regular physical activity during pregnancy include weight maintenance, reduced blood pressure, lower cardiovascular risk and diabetes control 27 .
There are few studies performed in humans that associate physical activity, hypertension and pregnancy, several of them are retrospective and use questionnaires to quantify the level of energy expenditure during free time. Studies report that physical activity decreases the risk of developing preeclampsia when performed at low-moderate intensity and less than 270 minutes per week [28] [29] [30] [31] [32] .
Our data showed reduction of blood pressure (BP) values in all groups during pregnancy. However, the decrease of BP was earlier and more pronounced in rats subjected to exercise. Experimental studies have produced controversial results on the behavior of BP during pregnancy in SHR models, probably due to slightly differences in the methodologies used to determine this parameter. Peraçoli et al. 33 observed that the BP values evaluated on alternating days was more accurate than weekly determinations, which showed that the reduction of BP at the end of pregnancy and the frequency of this also decreases stress by causing adaptation to the methodology. Moreover, Kvetnansky et al. 34 using SHR models confirmed this fact, which could be explained by the lower release of catecholamines induced by immobilization stress during the experimental procedure. In the present study, the cathecolamine level was not determined, but the hypothesis of adaptation to stress can provide an explanation for the reduction of BP observed in all groups. Another explanation was animals were daily handled to be placed in a cage containing water regardless of the number of repeat blood pressure measurements. The fact that the animals in exercised groups decreased BP earlier and more markedly as compared with the sedentary rats can be attributed to the presence of physical exercise.
The experimental procedure of treating hypertensive pregnant woman by restricting physical activity and resting in the left lateral position is routine in prenatal clinics. This procedure is justified by the findings of decreases in preterm birth, BP values and the promotion of pressure diuresis 35 . However, studies show that practice of aerobic physical exercise in water is beneficial for reducing swelling and increasing diuresis, thereby facilitating BP control 36, 37 . Values represented as mean ± standard deviation or percentage. Legend: SPA = small for pregnancy age; APA = adequate for pregnancy age; LPA = large for pregnancy age. * p<0.05 -significant statistically difference as compared to SHR Control group is associated with beneficial effects on BP, neurohumoral release and autonomic activity. However, among the antihypertensive mechanisms of exercise that remain uncertain are the increased vascular bed 38 , increased sensitivity of the baroreceptors 39 , increased formation and action of antioxidants 40 and also the modulation of sympathetic and parasympathetic tone 41 .
The effects of exercise on BP are dependent on the type, duration and intensity of the protocol used 42 . Véras-Silva et al. 43 showed that after physical exercise of low intensity, the values of BP in SHR were lower in rats of the similar strain as compared with those that were sedentary or practiced high-intensity exercise.
According to Forjaz et al. 44 this hypotensive response is more associated with decreased cardiac sympathetic activity rather than changes in vagal tone or intrinsic heart rate.
The total body weight of rats during pregnancy was similar among the exercised groups, increasing weekly until the end of pregnancy. However, SHR Ex7 rats presented no increase in the body weight at the first week of the pregnancy, related to non-exercising period of this group. The analysis of food intake and its relationship with weight gain, percentage weight gain and growth rate showed no significant differences among the groups.
Physical exercise practiced since the beginning of pregnancy may have contributed to lack of weight gain found in SHR Ex7 rats.
In the present study we observed that the rate of embryonic loss before implantation was higher in rats that performed exercise whereas the post-implantation loss was lower in the group that practiced the exercise from the day 7 of pregnancy. Therefore, exercise is a predisposing factor for early fetal loss (pre-and post-implantation), once the rats were adapted the exercise programming in the first seven days of pregnancy the incidence of fetal loss was significantly lower.
The effects of hypertension on the fetus are well known. The maternal BP levels are inversely related to the size and weight of the newborn 19 . These effects are caused by uteroplacental hypoperfusion consequent to high BP 45 . The analysis of perinatal outcomes indicates that exercise did not affect the litter mean weight as compared with sedentary rats. However, the exercising program in pregnancy had a higher percentage of fetuses defined as small for gestation age. This fact might be justified by the interference in the adaptation of the maternal organism, which impaired the fetal development.
Conclusion
The exercise contributed to lowering gestational blood pressure in SHR rats, but had a negative impact on the developing embryo.
